choices of stationary phase, 6 and pharmaceutical applications. 7 In CZE, chemical equilibria play important roles on developing separations of inorganic substances including acid-base equilibria and complex-forming equilibria. 8 Ion association reactions are also focused on for improved separation of inorganic anions. 9 While the importance of ion association reactions is claimed, the nature of ion association reaction has not been clarified as much as is the case for acidbase reactions and complex formation reactions. In this review, analysis of ion association reaction between organic ions in aqueous solution is introduced, as well as its utilization for improved resolution of ionic analytes.
Capillary zone electrophoresis also has many advantages in analysis and utilization of ion association reactions. Various types of interionic interactions have been investigated by the CZE analysis. Ion association reaction in aqueous solution is closely related with liquid-liquid distribution of ion associates, and the CZE analysis of ion association reaction has made it possible to resolve stepwise reactions in liquid-liquid distribution of ion associates. Ion association reactions in non-aqueous media are also treated in this review.
Principle of Equilibrium Analysis through
Electrophoretic Mobility in Capillary Zone Electrophoresis and Its Prominent Characteristics 2·1 Control of electrophoretic mobility and equilibrium analysis In order to develop the resolution among analytes in capillary zone electrophoresis, one often adds an interacting reagent, a modifier, in the migrating solution, and then the migrating solution is poured into the capillary tube. The concentration of the modifier should be much greater than that of the analytes of interest, so that the concentration of free modifier is only slightly changed by the reaction with the analytes. The analytes of interest in the sample solution interact with the modifier during the electrophoretic separation, and such interactions lead to changing the apparent molecular mass, volume and/or charge of the analyte. Apparent changes in those physicochemical properties are reflected on the electrophoretic mobility of the analyte, as shown in Fig. 1 (a) . The degree of the interaction is different among the analytes; such differences give different apparent electrophoretic mobility values. Consequently, the resolution among the analytes can be improved. Electrophoretic mobility of a certain analyte reflects the dissolved status and its chemical species of the analyte, i.e., the mobility change of analyte is due to the interaction with the interacting reagent. Therefore, we can analyze the interaction and equilibrium reaction through the measurement of electrophoretic mobility, and vice versa. Control of the electrophoretic mobility of the analyte using a modifier, affinity capillary electrophoresis, can be used for equilibrium analysis in solutions. A series of different concentrations of modifier give corresponding apparent electrophoretic mobility values, and the set is offered to analyze the equilibrium, as shown in Fig. 1 (b) .
In addition to acid-base and complex formation reactions, equilibrium analyses through electrophoretic mobility have succeeded in bio-molecules.
Protein-sugar interactions, 10 antigen-antibody interaction, 11, 12 binding of ligand to protein, 13 binding of carbohydrates to peptides, 14 lectin-sugar interaction, 15 and binding of Vancomycin to dipeptides 16 and to precursors 17 have been analyzed. Higher order equilibria, such as aggregation formation 18 and cyclodextrin binding, 19 were successfully analyzed.
Theoretical approaches 20 and examination of experimental parameters 21, 22 have been developed to optimize the resolution among chiral compounds and isomers. Although the followings do not utilize the interaction between analyte in the sample solution and modifier in the migrating solution, interesting techniques have also been established. Dimerization of glycopeptide antibiotics has been analyzed by changing the concentration of analyte in the sample solution. 23 Electrophoretic mobility of glycopeptides depends on their initial concentration in the sample solution, which is attributed to the dimerization/self-association of the analytes. Protein folding is also analyzed through split signals for slow folding equilibrium.
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2·2 Prominent features of equilibrium analysis by capillary zone electrophoresis While affinity capillary electrophoresis is widely used for equilibrium analysis, as mentioned above, prominent characteristics of the CZE analysis have not been thoroughly highlighted. The characteristics in mobility measurement in capillary zone electrophoresis are compared with those in conductometric measurement for convenience. Because both conductometric and capillary zone electrophoretic methods are based on the migration of ionic species under electric field, and the conductometric method is a traditional and well-established style, the conductometric method has been used for the equilibrium analysis in wide areas of research. It goes without saying that the conductometric method is especially promising for the interaction analyses between inorganic ions in organic and aqueous-organic solvents.
Usually, CZE separations are performed in aqueous solution, and the electrophoretic method using capillary zone electrophoresis has a remarkable advantage on handling aqueous solution; stable electrophoretic mobility can easily be obtained in aqueous solution. Further, pure salts (ion associates or complexes) are not necessary in capillary zone electrophoresis, because CZE includes "separation", while a pure salt is indispensable in a conductometric method. To put it the other way around, the CZE separation can simultaneously handle multi-analytes. Coexisting substances, which do not affect electrophoretic mobility of analyte and/or equilibrium reaction, are also allowed to exist in the CZE analysis. Lessinterfering substances are allowed to exist in the system, and therefore, electrophoretic mobility of analytes of interest can be measured at almost constant ionic strength, even when the concentration of interacting reagent is changed. The ionic strength can be critically controlled by changing the lessinterfering substances to compensate the concentration of the interacting reagent. Further, the pH of the solution is easily controlled with the buffer solutions, and the electrophoretic method is easily applicable to the reaction analysis of weak acids and bases. Ionic conductivity is the only one physical property available for conductometry studies, and each detection method is critically limited. On the other hand, migration time of analyte from sample injection point to a detector is an essential piece of information given by mobility measurement in CZE; and therefore, various types of detection are available; photometric, fluorometric, and conductometric detections can be chosen depending on the physical properties of the objective analytes. Needless to say, other detection methods under development are also applicable to the measurement of electrophoretic mobility. When some physical property of analytes is noticed with relation to the detection, selective/specific analysis can be performed. When spectrophotometiric detection at a certain wavelength is used, such analytes as possess an absorption band at that wavelength can be selectively detected and analyzed.
Because a conductometric method measures the total electric conductivity and significant change is required, a relatively high concentration of analyte (> 10 -4 M) with a series of concentrations of pure analyte is necessary. Such a solubility demand would sometimes be serious for the equilibrium analysis by conductometric measurement at such concentration range. Capillary zone electrophoretic method allows the analyte of interest to be detected by any kind of detector, and the concentration of analyte can be reduced to a very low concentration to allow it to be detected (~10 -6 M). Low concentration of analytes can exclude the formation of insoluble precipitates.
Any conductometric method involves some unavoidable factors on handling of the measured data; i.e., molar electric conductivity changes due to changes in ionic strength, estimation of molar electric conductivity at infinite dilution, etc. They should be corrected theoretically. On the other hand, Joule heat is generated during electrophoretic separation in CZE, and the temperature in the capillary tube may increase. It is known that electrophoretic mobility is much affected by temperature, and that the mobility increases about 2 -3% per 1˚C. 25 Attention must be paid to keeping the modifier concentrations low enough, as well as the applying voltage, so that the modifier (electrolyte) concentration would not raise the capillary temperature by the Joule heat. Condition of the internal wall of the capillary and stability of pH are also essential; sufficient concentrations of buffer components and the modifier are necessary. To obtain reliable electrophoretic mobility, moderate concentrations of the buffer and the modifier are suggested by such restricted conditions. In contrast to the CZE measurement, electric current produced in the conductometric measurement is much smaller than CZE, and therefore, precise control of temperature is much easier than the CZE method. The prominent features are summarized in Table 1 .
2·3 Mathematical approaches to the determination of equilibrium constants
Mathematical analyses are always made for the determination of equilibrium constants through affinity capillary electrophoresis. Electrophoretic mobility is more convenient for analyzing the equilibrium than migration time, because migration time includes experimental parameters such as capillary length and applied voltage, and it also contains the contribution of electroosmotic flow.
Rundlett and Armstrong 26,27 reviewed major algebraic expressions using linear equations. A 1:1 associate is assumed to form between an analyte A and a ligand L during electrophoretic migration with its equilibrium (1) and equilibrium constant (2) .
Electrophoretic mobility of free analyte A, µf, would change to that of a complex AL, µc, by the equilibrium reaction. When sufficiently fast equilibrium is realized in the migrating solution, transient electrophoretic mobility, µi, is observed in the experiments. The transient electrophoretic mobility, µi, at a certain concentration of L is expressed as Eq. (3) by the combination of equilibrium constants:
Equation (3) can be transformed into several mathematical forms as written in Eqs. (4) - (7). 
The member enclosed on the right side is used as the x-axis and that on the left side is used as the y-axis. A series of mobility data is plotted on the graph, and equilibrium constant, K, can be obtained from slope, intercept/slope, slope/intercept, and -slope for Eqs. (4) - (7), respectively. Although these equations are convenient for graphical analysis, an important matter should be considered when using these analyses: both µf and µc must be obtained very correctly. When the interaction of interest is weak and the equilibrium constant is small, change in electrophoretic mobility would also be small and µc is difficult to obtain experimentally in many cases. Thus such linear analyses possess their limitations, so long as one needs both µf and µc. Non-linear analysis methods are more reliable for handling small changes in electrophoretic mobility and weak interactions. Schwarz et al. 18 used a fitted function for the analysis of aggregate formation, and Takayanagi et al. 28 adopted a nonlinear least-squares analysis for evaluating weak ion-ion associations. The fitting analysis also succeeded in higher order equilibria. 19 Havel and Janos developed a Fortran 77-based CELET program to determine equilibrium constants. 29 In those fitting analyses, a prominent feature is that an accurate µf or µc value is not necessary; values of µf or µc can be also optimized through the analysis.
In addition to the usual equilibrium analysis using electrophoretic mobility, frontal analysis also offers equilibrium constants such as binding properties. 30 A sample solution containing both drug and protein is injected into a capillary at relatively large volume. When un-bound (free) drug migrates from the mixed zone, drug-protein complex dissociates and the equilibrium shifts until all the drug is released. Consequently, a trapezoid signal is obtained, and the signal height at the plateau region corresponds to the initial concentration of free drug. Binding of verapamil to human serum albumin, 31 chiral separation of verapamil, 32, 33 binding of protein to polyelectrolytes, 34 protein-bound bilirubin, 35 have been analyzed.
Vacancy affinity capillary electrophoresis is proposed as one of the frontal analysis methods. 36 The capillary is filled with a mixture of interacting components and a neat
buffer is injected. Two negative peaks are obtained and the position of the signal gives some information about the interactions.
However, the vacancy affinity capillary electrophoresis cannot utilize the advantage that solute concentration is reduced sufficiently to prevent the formation of precipitates. 37 The mathematical approaches, as well as the frontal analysis, are summarized in Table 2 .
Validation of CZE Analysis for the Determination of Equilibrium Constants

3·1 Validation through acid dissociation reactions
Although the capillary zone electrophoretic method can determine various types of equilibrium constants through measurements of electrophoretic mobility, the method should be validated to establish reliability. The acid-base reaction is simple, and many studies concerning organic acids have been reported. 38 Acids come to be more anionic in alkaline solution by acid dissociation reactions, and the apparent electrophoretic mobility of the acid increases with increasing pH of the migrating solution. Acid dissociation constants (pKa) obtained agreed well with the reported values. Acid dissociation constants of phosphinate group in phosphinic pseudopeptides were determined in highly acidic media, 39 and pKa values of water-insoluble organic acids were determined in water-methanol mixed solvent and then extrapolating to water. 40 Continuous two-steps of acid dissociation constants were also analyzed with anthraquinone compounds through affinity capillary electrophoresis by using a nonlinear regression method. 41 Two steps of acid dissociation constants of phenolphthalein, which gradually decomposes in alkaline solution, were also determined by CZE with non-linear leastsquares analysis. 42 Gradually decomposing species were separated from equilibrium species of interest during the electrophoretic migration, and fair results were obtained. Comparing the results with other pH indicators validated the pKa values.
3·2 Validation through metal complex formation reactions
The metal-ligand interaction is classically known as a complex formation reaction, and the reactions have also been utilized in CZE separations. 43 develop the photo-absorptivity, the photometric detection sensitivity greatly depends on the degree of the complex formation. Conradi et al. used α-hydroxyisobutyric acid and 8-hydroxyquinoline-5-sulfonic acid for the separation and determination of transition metal ions at different degrees of complexation. 48 Crown ethers are famous cyclic polyethers and they bind alkali and alkaline earth metal ions in the "cavity hole", depending on the size. 18-Crown-6 is practically used in indirect photometric determination of alkali metal ions for resolution development. 49, 50 Okada revealed the availability of CZE on complexation analyses of crown ethers and polyethers in methanol. 51 The equilibrium analysis was difficult in aqueous solution, because the interaction is weakened in aqueous media by solvation of alkali metal ions. However, Takayanagi et al. analyzed the complexation of dibenzo-18-crown-6 with alkali metal ions in aqueous solution by using non-linear least-squares analysis. 52 Crown ethers, such as dibenzo-18-crown-6 and benzo-18-crown-6, are essentially neutral, and they become cationic through incorporation of alkali and alkaline earth metal ions. The crown ethers were used as analytes, and some alkali metal salt as an interactive reagent is present in the migrating solution. As the crown ether becomes a cationic complex, the apparent electrophoretic mobility increases and complex formation constants are determined through the mobility change (Fig. 2) . The complex formation constants obtained 53, 54 agreed very well with the reported values. The complex formation analysis has also succeeded with less UV-absorptive 18-crown-6 by using the indirect photometric reagent. 50, 55, 56 
3·3 Validation in other equilibrium reactions
Shimura and Kasai reviewed the validity of analyzing biomolecular interactions. 57 Binding constants between Pea lectin and sugar determined by affinophoresis agreed well with the ones determined by calorimetry. Binding of nitrophenolates to cyclodextrins determined by the electrophoresis was validated by comparing the results with those from calorimetry. 58 
Utilization of Ion Association Reactions in CZE and Equilibrium Analysis
Interactions between organic ions have widely been used in the research field of analytical chemistry by coupling with distribution to hydrophobic media, including ion-pair solvent extraction, ion-pair reversed-phase high performance liquid chromatography, and hydrophobic surfactant micelle. 59 The ion-ion interaction between organic ions in aqueous solution has been discussed through hydrophobicity of the ions, in addition to the electrostatic interactions. 60 It is well known that the ionion interaction strongly depends on the solvent and on dielectric constants. Electrostatic interaction works strongly in solvents with low dielectric constants, and many inorganic ion-associates have been analyzed by conductometry. Contrary to inorganic ion-associates, organic ion-associates easily precipitate in aqueous solution. One has lacked both utilization of ion association reaction in homogeneous aqueous phase and tools for equilibrium analysis, until capillary zone electrophoresis was thoroughly noticed.
4·1 Utilization of ion association reactions in CZE separations
Capillary zone electrophoresis has prominent features: it does not require stationary phase and the electrophoretic separation is made in homogeneous solution. Terabe and Isemura used cationic polyelectrolytes to resolve anionic analytes by utilizing ion-ion interactions (Fig. 3) . Such a separation technique was called "ion-exchange electrokinetic chromatography" (ionexchange EKC). 61, 62 Nashabeh and Rassi first revealed the usefulness of quaternary ammonium ion in capillary zone electrophoresis for the separation of pyridylamino-derivatized carbohydrates. 63 Iki et al. resolved highly-charged anionic metal complexes with hydrophobic quaternary ammonium salts. 64 Quaternary ammonium salts were also used for the separation of metal-2-nitroso-1-naphthol-4-sulfonic acids complexes, 65 metallo-cyanide complexes, 66 and metal-4-(2-pyridylazo)resorcinolato complexes. 67,68 n-Butylate ion was used for separation of cationic metal complexes. 69 Chen et al. used tetramethylammonium ion to improve the selectivity and sensitivity of inorganic anions. 70 With biogenic compounds, tetraalkylammonium salts were used for the separations of pyrroloquinoline quinone isomers 71 and chondroitin sulfates. 72 Phytic acid as an ion-pair agent was used for peptide mapping 73 and oligosaccharides. 74 Alkylsulfonate ions were used for the separation of angiotensin-converting enzyme inhibitors. 75 Applications of conventional ion-pairing reagents to CZE separation are reviewed by Shelton et al., 77 and chiral separations are reviewed by Barbas and Saavedra. 78 4·2 Equilibrium analysis of ion association reactions by CZE Ion association reaction in aqueous solution is thus useful for resolution improvement in capillary zone electrophoresis. Important questions include how the selectivity emerges and what kind of interactions work on ion-ion interactions. Generally, organic ion associates easily precipitate in aqueous solution, and it was difficult to analyze the equilibrium by the ordinary methods. 60 Ion-pair solvent extraction could give the ion association constant in aqueous solution, but the reliability was inferior. 79 Katsuta and Takeda utilized transfer activity coefficient for the analysis of ion association reaction, but the method still includes extrapolations or assumptions. 80 Capillary zone electrophoresis can handle the concentration of ion associate as low as 10 -5 M or less, 28 and ion association reactions in an aqueous solution can be directly analyzed through the change in electrophoretic mobility of analytes.
Takayanagi et al. first determined the ion association constants between tetrabutylammonium ion and divalent organic anions using linear analysis; 81 the accuracy was much developed by using non-linear least-squares analysis. 28 Ion association equilibria between cobalt(III) complexes and inorganic anions were also analyzed through measurement of electrophoretic mobility in CZE.
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4·3 Factors contributing to ion association reactions in aqueous solution
Electrostatic interaction in solution is a classical one, and the interaction is well known and established in details. Smaller ions attract each other, and the interaction is weakened by solvation. The electrostatic interaction works weakly in high dielectric-constant media such as water, because those solvents solvate and their inter-ionic distance is extended to be longer than their crystal ionic radii, as seen in Stokes' radii.
Electrostatic interaction between aromatic anions and primary to quaternary ammonium ions was examined by capillary zone electrophoresis. 83 An evident trend in ion associability was observed from electrostatic interactions with primary ammonium ions to hydrophobic interactions with quaternary ammonium ions. In most aromatic anions, minimum ion association constants were obtained with secondary ammonium ions. Reversal of migration order among anionic isomers was also observed, along with the change in ion associability. The phenomenon is very useful for designing separation systems; we can choose the interacting reagent and its interactions for developing separation selectivity.
To establish the concept on hydrophobic inter-ionic interactions, ion association constants (Kass) of aromatic anions were determined with different sizes of quaternary ammonium ions through the change in electrophoretic mobility, and a linear free energy relationship (LFER) was examined. The carbon number of alkyl chains in quaternary ammonium ion was used as an index of hydrophobicity. 28 Logarithmic value of ion association constants increased linearly with increasing bulkiness/carbon number of quaternary ammonium ion (Fig. 4) . The mean slope was about 0.06, which represents the contribution of hydrophobicity per one carbon atom of quaternary ammonium ions in aqueous solution.
The contribution, 0.06 in logarithmic unit, is about one-tenth of that obtained in liquid-liquid distribution system of ion associates, 0.6. 59 The contribution of hydrophobicity, 0.06, was also observed in anionic azo dyes 84 and Methyl Orange analogues. 85 Ion association constants for divalent anions are found to be larger than those for monovalent anions by the order of 0.3 in logarithmic units. 86 Divalent anions are twice as associable as monovalent anions (log 2 = 0.3). The probability factor can not be predicted by the classical electrostatic interactions.
Polyethyleneammonium ions are used to improve the CE resolution among divalent isomeric anions, as well as to recognize the length between sulfonate groups. 87 Divalent quaternary ammonium ions are also designed to utilize multipoint interactions. 88 The distances between two ammonium sites in the ion association reagents are controlled with the chain length of methylene group (Fig. 5) . Ion association constants were determined and ion associability was discussed on the basis of intramolecular ion-ion distance. Ion associability of divalent naphthalenedisulfonate ions greatly increased from PrB(TEA) 2+ to PeB(TEA)
2+
. The result is attributed to two cooperative effects: increased hydrophobicity of pairing cation and fitting of intra-ionic distance. On the contrary, increases in ion associability are slight from PeB(TEA) 2+ to HpB(TEA) 2+ . Increases in the hydrophobicity of pairing cation and negative distance-fitting effect are attributed to compensation. 88 Macrocyclic polyamine was also found to recognize divalent aromatic anions. 89 Aromatic-aromatic interaction also plays an important role in ion associability in aqueous solution. Ion associability between polycyclic ions was investigated. 90 A typical interaction was observed with anthracene ring-pyrene ring; the ion association constant between 1-propylbenzo[ f ]quinolinium ion and 1-pyrenecarboxylate ion reached to 10 2.74 , while the ion associate became composed of a monovalent cation and an anion. Higher ion associability provides that low concentration of ion association reagent can realize sufficient resolution among analytes. The operating conditions reduce the electric current and Joule heat, and stabilize the migration time. The linear free energy relationship was also examined in this system, as shown in Fig. 6 ; the ion association constant increased by 10 0.14 per one aromatic carbon. Considering that the hydrophobicity of carbon atom is contributing to the ion associability by 10 0.06 , one can estimate the contribution of aromatic-aromatic interaction to ion associability to be 10 0.08 . 90 Aromatic-aromatic interaction was also revealed with divalent viologen cations. 91 Hydrophobicity, multipoint interaction, and aromatic-aromatic interaction are synergistically utilized with the viologen cations.
Reversal of ion associability by solvation was observed with ortho-substituted aromatic anions. Phthalate ion as an example has less ion associability with hydrophobic ions, because the charges are highly localized. 83 However, the hydrated ions are assumed to interact strongly with electrostatic ion-association reagents. Phthalate ion, naphthalene-2,3-dicarboxylate ion, 83 and 1-naphtholate-2-sulfonate ion 92 are found to interact with hydrophilic ion association reagents.
Factors clarified for ion association reactions in aqueous solution are summarized in Table 3 .
4·4 Stepwise reactions in ion-pair extraction processes
Ion-pair extraction has widely been used in analytical and separation sciences.
The stepwise reaction of ion-pair extraction is conveniently expressed with formation of electrically neutral ion-associate in aqueous solution and distribution of the ion-associate to water-immiscible organic phase. The extraction reaction is represented by Eq. (8): 93 Alkali metal ions can be extracted into organic phase by using dibenzo-18-crown-6 (DB18C6) and picrate ion (Pic -), as illustrated in Fig. 7 . The entire extraction reaction (Kex) involves four stepwise reactions (KD,L, KML, KMLX, and KD,MLX). The extraction constant is expressed as Eq. (9): 52 Kex =
The capillary electrophoretic method succeeded in the direct analysis of ion-pair formation reaction between alkali metalcrown ether complexes and pairing anions in aqueous solution (KMLX), and successive equilibrium constants have been determined. 52 Extraction selectivity for potassium ion against sodium ion was also evaluated with the stepwise reactions. Distribution of M-DB18C6 + -Pic -ion-associate between aqueous and benzene phases was found to be predominant on extraction selectivity. Ion association reaction between metal-crown ether complex and organic anions were analyzed, 94, 95 and the results would help to investigate other ion-pair extraction systems.
4·5 Utilization of ion-association reactions in non-aqueous media Ion association reactions in non-aqueous media are also of interest on developing new separation systems. Although ion associability between organic ions would be reduced in nonaqueous media, the solubility of both ions and ion associates would be improved. Interaction with inorganic ions can be anticipated in non-aqueous media.
Surfactants of
Fig. 6 Linear free energy relationship between ion association constants and carbon number of ion associates formed between aromatic cations and anions. 90 The mean slope, 0.14, contains the contribution of hydrophobicity, and the contribution of aromaticaromatic interaction is deduced to be 0.08 for log Kass.
alkylsulfonates and alkylsulfates were resolved in protic methanol and aprotic acetonitrile media, and tetramethylammonium ion was used as an ion-pairing reagent. 96 Ion-pair formation of organic anions with alkali metal ions was examined in methanol media. 97 The mobility decrease of the anions was more pronounced compared to aqueous solutions, and the decrease in analyte mobility followed the counter-ion sequence Li + < Na + < K + < Rb + . Effects of protonation and ion pairing were examined on CZE separation of amphetamines in acetonitrile-methanol (80:20); fully protonated amphetamines were found to associate with acetate ion. 98 Ion-pair reactions in non-aqueous media are also utilized in chiral separations.
Enantiomeric pure (+)-or (-)-camphorsulfonate ions as chiral ion-pair reagent were used for the chiral separation of fifteen basic chiral drugs in acetonitrile. 99 When tert-butylcarbamoylaqunine was used as a chiral selector for N-substituted amino acids, countercurrent technique and partial filling technique was utilized to suppress the background absorbance. 100,101 Chiral ion-pair separations in non-aqueous solution were also studied on cinchona alkaloid derivatives 102 and β-blockers. 103 4·6 Utilization of ion-association reactions coupled with side reactions Ion association reaction can further be utilized in capillary zone electrophoresis by coupling with other equilibrium reactions. Nishi et al. used tetraalkylammonium salts on micellar electrokinetic capillary chromatography of ionic substances. 104 Mixed micelles were popularly used in CZE and MEKC separations. 7 Ion-association micelle distribution (Fig.  8 ) was also studied with nonionic surfactant micelles as the pseudo-organic phase. 105 Equilibrium constants confirmed that less charged hydrophobic ion-associates are more likely bound to the micelle. Cyclodextrins were synergistically used with ion-pairing reagents for chiral separation of ionic substances. 106, 107 262
ANALYTICAL SCIENCES FEBRUARY 2004, VOL. 20 Charge density and polarity 83 92 Positively contributes to electrostatic ion associates. Negatively contributes to hydrophobic ion associates. Fig. 7 Ion-pair extraction of alkali metal ions (M + ) with DB18C6 (L) and hydrophobic anion (X -). 52 The overall extraction constant, Kex, consists of KD,L, KML, KMLX, and KD,MLX.
Conclusion and Future Directions
The fundamental criterion in affinity capillary electrophoresis is the control of electrophoretic mobility of analytes by using interacting reagent in the migrating solution. Various types of molecular interactions have proved to be effective for developing resolution efficiency, and many kinds of interacting reagents have been developed.
In addition to ordinary equilibrium reactions, transient equilibrium reactions are also commenced. Transient isotachophoresis is utilized coupled with analyte-additive interaction prior to CZE separations. 108 Solvolytic dissociation rates of metal-DHABS complexes were evaluated by capillary electrophoretic reactor by controlling the migration time of the complex to detector. 109 Relative peak height was used for the rate analysis, and the rate constants for Al and Ga complexes were determined. Nonequilibrium capillary electrophoresis is also proposed for revealing equilibrium and kinetic parameters of protein-DNA interactions. The mixture is injected as a sample solution and the protein-aptamer complex gradually dissociates during the electrophoretic separation. As a result of the nonequilibrium dissociation reaction, leading/tailing signal (aptamer fluorescence) is obtained (Fig. 9) , and the signal shape was used for the analysis of dissociation rate of protein-DNA complex. 110, 111 When one is aware that molecular interactions are widely used in separations and separation instruments, the equilibrium can further be analyzed through physicochemical properties easily. 
